We collected the information of 304 gamma-ray bursts (GRBs) from the literature, and analyzed the correlations among the host galaxy offsets (the distance from the site of the GRB to the center of its host galaxy), T 90,i (the duration T 90 in rest-frame), T R45,i (the duration T R45 in rest-frame), E γ,iso (the isotropic equivalent energy), L γ,iso (= E γ,iso /T 90,i , the isotropic equivalent luminosity) and L pk (peak luminosity). We found that T 90,i , T R45,i , E γ,iso , L pk have negative correlation with offset, which is consistent with origin of short GRBs (SGRBs) and long GRBs (LGRBs). On separate analysis, we found similar results for log E γ,iso -log (offset) and log L pk -log (offset) relations in case of SGRBs only, while no obvious relation for LGRBs. There is no correlations between offset and L γ,iso . We also put the special GRB 170817A and GRB 060218A on the plots. The two GRBs both have low luminosity and small offset. In the log(offset) − log T 90,i plot, we found GRB 170817A locates in between the two regions of SGRBs and LGRBs and it is the outlier in the offset − E γ,iso , offset − L γ,iso and offset − L pk plots. Together with GRB 060218A being an outlier in all plots, it indicates the speciality of GRBs 170817A and 060218A, and might imply more subgroups of the GRB samples.
Introduction
Gamma-ray bursts (GRBs) are widely accepted to have two categories, short GRBs (SGRBs) having duration shorter than 2 s and long GRBs (LGRBs) with duration longer than 2 s (Kouveliotou et al., 1993) . SGRBs are thought to be from the merger of compact object binaries involving at least one neutron star (Eichler et al., 1989; Paczynski, 1991; Narayan et al., 1992) , and have a broad range of spatial host galaxy distribution (Zhang et al., 2017b) . The origin of LGRBs are most-likely to be the collapse of rapidly-rotating massive stars (MacFadyen and Woosley, 1999) , hence expected to be inside the star forming region. Consequently, the offsets of the location in the host galaxy of LGRBs are mostly smaller than those of SGRBs.
In the past few decades, there have been many studies on host galaxy offsets of GRBs. For example, Bloom et al. (2002) studied host galaxy offsets for LGRBs. The result was consistent with the expected distribution of massive stars, confirming the core-collapse model as the origin of LGRBs. Fong et al. (2010) presented the first comprehensive analysis of Hubble Space T elescope (HST ) observations of ten SGRBs host galaxies. Their result showed an median at 5 kpc for SGRBs host galaxy offsets, which is about 5 times larger than LGRBs. There was no evidence of differences between SGRBs with and without extended emission. The host galaxy offsets are in good agreement with neutron star binary mergers (see also Church et al. (2011) ). However, Malesani et al. (2007) noticed that SHBs (short hard GRBs) with extended emission are more easier to detect their optical counterparts. This has been explained as an environmental property by Troja et al. (2008) , as SHBs with extended emission seem to occur closer to their host galaxies, in denser interstellar environments. This also implies that SGRBs progenitors have an intrinsically different behavior, due to their association with different origins such as black hole (BH)-neutron star (NS) and NS-NS merger. Troja et al. (2008) showed that SGRBs with extended hard X-ray emissions that have small projected physical offsets may be due to NS-BH mergers, while those without extended hard X-ray emission components that have bigger projected physical offsets may be due to NS-NS mergers. The correlation between X-ray absorption column densities and host galaxy offsets gives another evidence that SGRBs possibly have two distinct populations . Furthermore, some negative correlations are found between the broadband afterglow emissions and SGRBs host galaxy offsets (Zhang et al., 2017b) . This is because the afterglow emission depends on the circum-burst medium and it decreases with the distance to the host galaxy center, providing more evidences that SGRBs with larger host galaxy offsets prefer lower circum-burst densities (Fong et al., 2015) .
To investigate the properties of the host galaxies and the connection to the GRBs, we collect all the possible sample from the literature about the offsets, durations of the GRBs (T 90 (time duration from 5% photon counts to 95% photon counts) and T R45 (defined in Reichart et al., 2001) ), the isotropic equivalent γ−ray energy E γ,iso , and the 1 s time binned peak luminosity L pk . In this work we analyze these data and present our results for the relations found for SGRBs,
LGRBs and combination of them. The paper is organized as the follow: the data is collected and described in §2, the statistics is performed in §3, and conclusion and discussion is given in §4.
The GRB sample
We selected 304 GRBs from different instruments, and collected their trigger time, instrument, redshift z, offset, T 90 , T R45 , E γ,iso and L pk values from different published papers. All the information is provided in Table 3 to 15. E γ,iso and L pk are in rest-frame 1-10 4 keV energy band, and L pk is in 1 s time bin (except GRB 170817A in 50 ms time bin). We also calculated isotropic equivalent luminosity L γ,iso in the rest-frame 1-10 4 keV energy band, which is L γ,iso = (1 + z)E γ,iso /T 90 . For L pk , sometimes the energy band is not in rest-frame 1-10 4 keV energy band, like Deng et al. (2016) . We changed the energy band using the spectral information. There are mainly three kinds of spectral models: Band model, cutoff power law (CPL) model and simple power law (SPL) model (more details in . In Table 13 to 15, we gave the GRB spectral information which need to change the energy band, as well as the L pk . For Band model, α, β and E pk are low energy spectral index, high energy spectral index and peak energy, respectively. For CPL model, α is the spectral index for the power law band and E pk is the cutoff energy. There is no β for CPL model, and we use "..." to remark β. Besides, we excluded some values with lower limit smaller than 0. For example, the offset of GRB 120119A is 0.104 ± 0.147 .
The data are not complete, as not every GRB has all the observational values listed above, available. Some of the data have only the central values available without error bars. To keep the information of the central values, we need to impute the errors from other data. We used the R package mice to impute the error bars for the data that have just the central values, by multiple imputation with chained equations (MICE) (Rubin, 1987 (Rubin, , 1996 .
Error imputation
We use the R package mice to impute incomplete multivariate data by using the method MICE. MICE is a powerful tool for imputation and it has been widely used. Only the central values with missing error bars are imputed. The ones with missing central values are omitted in the statistical analysis. According to Rubin (1987 Rubin ( , 1996 , MICE includes three steps: generating multiple imputation, analyzing imputed data, and pooling analysis results.
The imputation model should also have three principles: accounting for the process that created the missing data, preserving the relations in the data and preserving the uncertainty about these relations. At first, we changed T 90,i , T R45,i , E γ,iso and host galaxy offset into their logarithmic values. Then we did 5 times imputation as suggested in Rubin (1996) . It means every error bar which need to be imputed will have 5 imputed values, hence we have 5 complete set of data. We need to choose the imputation model first, because our data is missing at random (MAR) (Rubin, 1976) , additionally, our data is numeric type. So we choose the predictive mean matching model (PMM) (Little, 1988) , a general purpose semi-parametric imputation method 1 . We set a threshold at 0.25, which means the minimum proportion of usable cases for imputation is at least 0.25. An important step in multiple imputation is that, we want to assess whether imputations are plausible, then we have done diagnostic checks. We used following three indicators to assess the goodness of our imputation results.
Relative increase in variance due to missing data r m (RIV): It is the ratio between imputation
variance and the imputation variance of the 5 data sets, then multiplying the imputation time m. It stands for the increase fraction in variance due to missing data, the influence of the missing data is bigger when r m is bigger. While smaller r m indicates influence of the change of m is smaller, this is to say that missing data has smaller influence to the whole data parameters, hence the imputation results are more stable and the imputations are better.
σ W 2 is within-imputation variance, it represents the mean of the variance for the m data sets.
σ B 2 is between-imputation variance, it represents the variance of the mean of m data sets.
We compared the correlations between the central values and the related errors, and found the PMM is reliable in the error imputation. For example, the positive error of T 90,i is T 90,i,1 . Before imputation, the linear regression between T 90,i and T 90,i,1 is T 90,i = (1.26 ± 0.05) + (−9.28 ± 1.58) × T 90,i,1 , and the Pearson coefficient is −0.33 ± 0.05 with p-value 1.2 × 10 −8 . After the imputation, the linear regression between T 90,i and T 90,i,1 is T 90,i = (1.27 ± 0.05) + (−9.7 ± 1.58) × T 90,i,1 , and the Pearson coefficient is −0.33 ± 0.05 with p-value 1.6 × 10 −9 . The results do not change too much, which means PMM model can preserve the relations in the data and preserve the uncertainty about these relations.
2. Fraction of missing information γ m (FMI): This represents the influence of the missing data for the whole parameters(e.g. mean). Smaller FMI values indicate that the imputation results are more stable.
2 ) is the degree of freedom.
3. Relative efficiency (RE): is a comprehensive analysis of RIV and FMI. It represents the imputation fraction for missing information by MICE. The higher value of RE means the better result.
For analyzing imputed data and pooling analysis results, we use the mean of every imputed error bar, because we also need to calculate some values and plot scatter plots with error bars. As there are 5 candidate values for each parameter, we use the mean of them as the imputed error.
The imputation results are shown in Table 1 . From the results, we can see that RIV and FMI are very close to 0, which means our imputation is stable. RE is very close to 1, which means our imputation efficiency is very high, as per the definition. We almost imputed all the missing information. Therefore, we justify the imputation is reliable.
Correlation method and results
Due to the special features of GRB 170817A and GRB 060218A, we have not included them in our statistical analysis. To figure out the intrinsic connections between different properties associated with the GRBs, we convert the values into rest frame. We changed T 90 and T R45 from observer-frame to rest-frame by dividing them with 1 + z and assigned them as T 90,i and T R45,i respectively. At first, we analyzed using the combined sample of both SGRBs and LGRBs. Then we separated the GRBs into SGRB group and LGRBs group, and did the same statistical analysis for the two groups separately.
In order to make sure the results are reliable, we have used several statistical analysis narrated below. At first, we calculated the correlation coefficients to check the linear correlations between different parameters, with Pearson, Spearman and Kendall τ correlation methods (Feigelson and Babu, 2012) . Pearson correlation coefficient is to measure whether the two parameters are aligned in the two-dimension plot. Spearman and Kendall τ correlation coefficients are methods to measure the monotony of the two parameters. Then we did the linear regression to get the parameters of the linear expression.
For all the correlation coefficients and linear regression, we have done hypothetical tests. Once the results pass through the hypothetical tests with p-value smaller than 0.1 we accepted the correlation, as this value gives a high probability of relying the result. In the correlation statistics we have considered the error following the method used in Zou et al. (2018) . Assuming the errors are normally distributed, we generated 10 3 sets of random samples with Monte Carlo (MC) simulation. Then we have done the above mentioned statistics for the 10 3 sets and checked their distribution. The best fit and corresponding 1σ errors are finally obtained.
Using above mentioned methods we found significant correlations for the following pairs, log (offset) − log T 90,i , log (offset) − log T R45,i , log (offset) − log E γ,iso , log (offset) − log L pk , and log E γ,iso − log T R45,i . The correlation of log T 90,i and log T R45,i is also tight. But it is trivial, and we will not discuss about it further. The log E γ,iso − log T 90,i relation is not shown here as it has been extensively investigated. All the correlation coefficient results are listed in Table 2 . For the combined GRBs, the linear coefficients are significant for all the five relation pairs, the significance of correlation has further been verified with the hypothetical tests for the linear regression coefficients.
We have shown the scatter plots in Fig. 1 . One can confirm the five correlations intuitively with the scatter plots. In the figures, the fitting line is in blue which was obtained by considering all the errors with MC method similar as in Zou et al. (2018) . The relations obtained are as following, log (offset) = −0.27 +0.02 −0.02 × log T 90,i + 0.59
log (offset) = −0.34
log (offset) = −0.14
−0.02 × log E γ,iso,52 + 0.38
log (offset) = −0.11
−0.02 × log L pk,52 + 0.25
log E γ,iso,52 = 0.71
where the offset is in unit of kpc, T 90,i and T R45,i are in units of seconds, L pk,52 is in unit of 10 52 ergs/s and E γ,iso,52 is in unit of 10 52 ergs. As expected the T 90,i and T R45,i have similar correlation with the host galaxy offset with slope around −0.25. However there is no obvious separation between SGRBs and LGRBs in T 90,i , T R45,i and spatial offsets from plots as seen in Troja et al. (2008) for T 90 and spatial offset scatter plot. We assume this discrepancy is due to the redshift correction. Interestingly, in the log (offset) − log T 90,i plot, there are four LGRBs with T 90,i < 2, and there is a gap between these short ones and the normal LGRBs. This might indicate that the separation of LGRBs and SGRBs should be in the rest frame rather than the observer's frame. The anti-correlation between offset and the duration is consistent with the double degenerated star merger origin for SGRBs and massive star core-collapsing origin for LGRBs. For mergers, they have to pass supernova explosion, which kicks the central compact star. And it takes time for the double compact star to merge, which lead the site of the merging to be in the outer part of the host galaxy. While for the massive star core-collapsing, it should be in the star forming region, which is near the center of the host galaxy.
The anti-correlation between offset and E γ,iso , L pk respectively may also be related to the LGRBs and SGRBs, as LGRBs are relatively stronger in γ−rays, which can also be seen in the log E γ,iso − log T R45,i scattering plot. However we could not find an exact explanation for the values of the slopes and intercepts. We assume a detail analysis of the star forming and merger profile in the galaxies would be able to explain these parameters, however this analysis is beyond the scope of our paper. Fig. 1 also gives a clear indication that all the GRBs are gathered in two distinct groups. We apply K-Means clustering algorithms to get the boundary between this two traditionally classes. The boundary is represented with a dash line in Fig. 1 . Two different clusters cannot have any object in common. The similarity measure between the cases defined as the euclidean distance on the duration-offset plane. Variables with incompatible units are faced in our dataset. We use logarithmic variables, rather than normalized or standardized variables. Because units can be removed by taking logarithms and the ranges of variables is similar. We kept information on burst duration and offset. The boundaries are log(offset) = 2.33 × log T 90,i − 0.63 and log(offset) = 1.73×log T R45,i +0.92. We assume that the group of bursts on the duration-offset plane is separated and equal-sized. Each cluster is described by a single point known as the centroid. The centroid of each class is defined as the mean values of log T 90,i , log T R45,i , and log (offset). The centroids are marked with black open triangles in Fig. 1 . These two groups are generally consistent with long and short GRBs, while with few outliers.
We have also checked the correlations of the offset with other parameters, while no much significant relations has been found. For the offset − E p correlation, as the peak energy can be best fit with Band function or with CPL model, there are two correlations. For the Band function model, the Pearson coefficient is 0.30 ± 0.22 with p-value 0.32. For the CPL model, the Pearson coefficient is 0.03±0.13 with p-value 0.88. Though there is relatively weak correlation between offset and L pk , there is no strong evidence for offset and L γ,iso . The corresponding Pearson coefficient is −0.03
with p-value 0.73 as also shown in Table 2 .
It is important to decide the true number of groups. There is no certain way of telling the goodness of the clustering. The silhouette coefficient is a measure of the compactness and separation of the clusters. It increases as the quality of the clusters increase, it is large for compact clusters that are far from each other and small for large and overlapping clusters. According to the silhouette coefficient, the most probable number of clusters is 2 for our set of GRBs.
To figure out the correlations are solely caused by the long or short GRBs progenitors, or there is intrinsic tendency inside LGRBs or SGRBs, we divided the 304 GRBs into SGRBs and LGRBs following the widely believed relation of T 90 with 2s. The coefficients are also listed in the Table  2 . We list the relations with mean correlation coefficient p-value smaller than 0.1.
The relation between E γ,iso and host galaxy offsets for SGRBs is:
log(offset) = −0.22
−0.05 × log E γ,iso,52 + 0.71
where the offset is in unit of kpc, and E γ,iso,52 is in unit of 10 52 ergs. The relation between L pk and host galaxy offsets for SGRBs is: log(offset) = −0.49
where the offset is in unit of kpc, and L pk,52 is in unit of 10 52 erg/s. The relation between T R45,i and E γ,iso for SGRBs is: log E γ,iso,52 = 1.45
where T R45,i are in units of seconds, and E γ,iso,52 is in unit of 10 52 ergs. The relation between T R45,i and E γ,iso for LGRBs is: log E γ,iso,52 = 0.36
where T R45,i are in units of seconds, and E γ,iso,52 is in unit of 10 52 ergs. When the GRBs are divided into long and short ones, there is no clear correlation between the offset and the duration. It shows that the origin of LGRBs and SGRBs is only due to the spatial offset. The correlations of log(offset) -log E γ,iso and log(offset) − log L pk observed only for SGRBs. It might indicate that the SGRBs can still be divided into several sub-groups. A possible explanation could be the sub-groups of NS-NS merging and BH-NS merging as origin of SGRBs. For the BH-NS merger, the total gravitational energy is larger than the NS-NS merger, as the BH mass can be much larger. On the other hand, the more massive BH is harder to be kicked outside the host galaxy, and should be located near to the center. This naturally explains the anti-correlation shown in Eq. (9). Interestingly, as shown in Table 2 for short GRBs, also for the offset − L γ,iso and offset − L pk , one is quite weak (Pearson coefficient being 0.07
+0.07
−0.04 with p-value 0.19 for offset − L γ,iso ) while the other is relatively quite strong (Pearson coefficient being −0.62
−0.06 with p-value 0.02 for offset − L pk ). Interestingly, the E γ,iso − T R45,i relation has also been observed, however the coefficients are quite different for the combined GRBs, SGRBs and LGRBs, as shown in Table 2 and in Eqs. (8) and (12). Especially, for the combine sample and for Short GRBs alone, the Pearson coefficients are 0.425
−0.007 with p-value 3.6 × 10 −14 and 0.53
−0.04 with p-value 0.01. These relations are quite strong. However, the underlying reason is not clear.
Conclusion and Discussion
In this work, we studied the relations of the spatial position of GRBs in their host galaxies with their durations and energies. Using the available data, we tested the correlations between T 90,i , T R45,i , E γ,iso , L γ,iso , L pk and corresponding spatial offset in their host galaxies. We found the host galaxy offsets have negative correlations with the other four parameters. This negative relation for (T 90,i and T R45,i ) seems reasonable, because LGRBs are most-likely from massive star collapsing, so the GRB positions are closer to the center of its host galaxies. On the other hand, SGRBs are most-likely from binary mergers. For the binary mergers, the system will experience large velocity kicks at birth, leading to eventual mergers outside the host galaxies . Therefore, mostly SGRBs have bigger spatial offsets than LGRBs. But there is no correlation about host galaxy offsets and duration for SGRBs and LGRBs respectively, so different origins offer a natural explanation for the two negative correlations. Interestingly, L pk is related to the offset, while L γ,iso is not, and the E γ,iso − T R45,i relation is quite different of the long GRBs, short GRBs and the combined sample. We also found the special GRBs 170817A and 060218A are outliers in most of the scatter plots, which might indicate there are more subgroups in the GRB samples.
Considering the relation between the E γ,iso and the offsets, for the combined GRBs analysis, as the SGRBs have lower energy than LGRBs, it becomes natural that E γ,iso and the host galaxy offsets have negative correlation. We have found a similar correlation for SGRBs. We interpret it as a result of different progenitors. If the progenitor is NS-BH, the SGRBs have larger E γ,iso and smaller spatial offset, because the bigger mass of the system and smaller kick velocity. While for the NS-NS progenitors, the behaviors are on the opposite. For the positive correlation of E γ,iso and T R45,i , we can find significant correlation for the combined GRBs, SGRBs and LGRBs. Therefore, it is a common property for GRBs, no matter what the central engines or progenitors are.
We have seen the main tendency is that: for SGRBs, they are distributed in the outer side of the host galaxies, while for the LGRBs, they are in the inner side. This supports again that the SGRBs are from mergers of compact stars (NS-NS, or NS-BH), while the LGRBs are from the core collapsing of the massive stars. With this topic, the strongest evidence is the SNe Ic connection to the long GRBs, such as GRB 980425/SN 1998bw (Galama et al., 1998) , while for the short GRBs is the gravitational wave event association, i.e., the most recently discovered NS-NS merger event GRB 170817A/GW170817 (Abbott et al., 2017b) . Within the SGRBs, it also shows an anticorrelation between the offset and isotropic γ−ray energy. This may indicate the double origins for the SGRBs, i.e., NS-NS origin with lower energy and locating nearer the center of the host galaxy, while BH-NS origin with higher energy and locating at outer side. A possible explanation might be that at the birth of the NS or BH, for very high speed NS, the companion compact star has the chance to decouple, while the high speed BH (with more mass) binary can survive, and consequently reaches to outer area of the host galaxy. Also because of the range of the BH masses, it may explain the variety of the magnitude of the kilonovae (or called macronovae, merger novae) (Gao et al., 2017) . We have analyzed the correlations by dividing the sample into long GRBs and short GRBs based on the duration being greater or smaller than 2s. It is also possible to perform the same analysis based on the k-means classification, which were given in Section 3. As one can see, the sample does not change much, and the results may not change much neither.
Our data is biased for strong or optically bright GRBs. The optically dark GRBs are hard to identify the host galaxies and hence the spatial offsets are not available. The GRBs can be dark due to high absorption by the dense medium which may not affect the biasing of offset. In the case intrinsically dark GRBs, the offset might be intrinsically different from the bright GRBs. However to investigate the answer to this property is beyond the scope of this work. It is possible that the GRB location is just occasionally overlapping with a galaxy, while the host galaxy is much dimmer in the foreground or background. This may introduce some bias to the data, especially for the large offset ones. Additionally, our statistical analysis totally rely on observational resolution and technology.
In the future, one can get more information about the host galaxy with the enhancement of the GRB monitors and observations with higher angular resolution. Monitoring the host galaxies mostly rely on the ground optical follow up efficiency. With more powerful telescope, one can get more information on-site the position of the GRB location (not only the whole galaxy). The environment, such as circum-burst density, star formation rate etc., are also important observations to be made. These information are crucial for understanding the physics of GRBs as well as the final stage of the stellar evolution.
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